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ABSTRACT The kinetics of e~ectrons bound to shallow donor impurities in n-GaAs was investigated by saturation spectroscopy using the University of California at Santa Barbara free electron laser. The resonant photothermal conductivity from Is-2p + transitions was measured at intensities greatly exceeding previous studies. Saturation of bound-to-free photoionization transitions was measured from 0 to 4 Tesla. The Is-2p + resonant photoconductive signal shows a distinct intensity dependence caused by the competing bound-to-free transitions which saturate differently.
Evaluation of the electron recombination kinetics allows us to calculate the transition time of electrons from the 2p + level to the ground state, the recombination time of free electrons, and the thermal ionization probability of the 2p + state.
INTRODUCTION
The kinetics of electrons bound to shallow impurities in high purity semiconductors may be studied, at low temperatures, by saturation spectroscopy using high power, far-infrared (FIR) lasers. Several studies involving resonant impurity transitions and cyclotron resonance were carried out using TEA-CO z laser pumped molecular FIR lasers I'z'3 and electrically pulsed quasi-cw lasers emitting =I00 #sec pulses %5"6'7. In n-GaAs, the saturation of the Is2p + shallow donor transition in an external magnetic field (B) was studied in absorption 4'5 and in photothermal conductivity 5 as a function of applied (FIR) laser power. Within the intensity range of quasi-cw lasers, the relaxation rate associated with this transition is adequately described by a two level system with a single decay constant, reffO Since ~eff is longer than the pulse width of TEA-CO 2 pumped FIR lasers, these lasers are not useful for higher power, steady-state saturation studies.
In this work, we examine the saturation behavior of the photothermal conductivity of both the Is-2p + (resonant) and Is-free carrier (background) transitions in n-GaAs using =i psec FIR pulses from the University of California at Santa Barbara free electron laser (UCSB FEL) 8. The FIR pulse width is long enough to obtain steady state conditions during irradiation and high enough in power to extend the quasi-cw FIR laser saturation measurements made by a factor of 500 in intensity.
This enabled us to directly measure background saturation intensities, unacheivable with quasi-cw lasers. More importantly, it revealed that the resonant transition relaxation is not describable as a two level system at high powers; instead, it is essential to include both resonant and background excitations in an effective three level model on resonance due to the proximity of the Landau level edge with the 2p + level.
EXPERIMENT
The FEL is a high power source of FIR radiation tunable between 30cm -I to 85 cm -I with approximately i kWatt peak power. The time average frequency linewidth of the FEL beam is 1.6 GHz and arises from the fluctuations in the terminal voltage; however the single shot laser beam is single mode with a linewidth of I0 MHz. The FEL was tuned to 164 ~m in order to complement previously taken data using a quasi-cw CH3OH laser and to calibrate the incident FEL power. At this energy, the is-2p + resonance occurs at 2.05 T with the 2p + level slightly higher than the N=0 Landau Level (Fig.l) . The photoconductive signal (G) at the center of the resonance was measured over more than 4 orders of magnitude in FIR intensity. In addition, power broadening of the is-2p + transition was observed and background saturation intensities at various magnetic fields between 0T and 4T were measured.
The sample used was a high purity n-GaAs epitaxial layer of 14.6 ~m thickness with the substrate bonded to a wedged piece of semi-insulating GaAs to suppress
